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4.1  The problem of implementing and diffusing 
eco-efficient PSSs 
A wide variety of research projects in the field of PSS and sustainability supported 
by EU funding in the last 15 years have contributed to a better understanding of 
the concept of eco-efficient PSS, clarifying its characteristics, potential benefits, 
drivers and barriers and possible rebound effects. Moreover several methods and 
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tools have been developed to support the design of eco-efficient PSSs.1 However, 
despite this accumulated knowledge as well as the potential win–win character-
istics, the application of this concept is still limited. An important reason is that 
eco-efficient PSSs are in most cases radical innovations2 and the adoption of such 
business strategies encounters significant corporate, cultural and regulatory barri-
ers (Ceschin 2012b).
Schot and Geels (2008) consider radical innovations always immature when they 
enter the market because they encounter a dominant socio-technical context (and 
its established and stable rules and networks of actors). Eco-efficient PSS innova-
tions are in most cases a radical innovation (Tukker and Tischner 2006a) because 
they challenge existing institutions, customers’ habits and lifestyles, companies’ 
organisational structures and regulative frameworks. As a result they have high 
probability to be rejected under mainstream market conditions. For this reason, 
for those companies that do see PSS innovation as key to their future, there are still 
significant challenges to be faced, not only in developing a promising PSS concept, 
but also in understanding the contextual conditions in which it is introduced and 
identifying the best strategies and development pathways to implement and scale 
it up in the market. 
Against this background the focus of this chapter is on the implementation and 
diffusion of eco-efficient PSSs. In particular the key questions to be addressed are 
as follows:
 t What are the dynamics and factors that facilitate and hinder the implemen-
tation and diffusion of eco-efficient PSSs? How can the process of introduc-
tion and diffusion of this kind of innovation be effectively managed?
 t What could be the role of strategic design in supporting and orienting this 
process?
In order to answer these questions we propose to learn from the field of innovation 
studies and in particular from the field of transition studies. Recent explorations in 
these fields (in particular the contributions from Strategic Niche Management and 
 1 For example the Kathalys method for sustainable product-service innovation (Luiten, 
Knot and van der Horst 2001); DES, Design of eco-efficient services methodology (Brezet 
et al. 2001); PSS innovation scan for industry (Tukker and van Halen 2003); HiCS, Highly 
Customerised Solutions (Manzini, Collina and Evans 2004); MEPSS, Methodology for 
Product Service System development (van Halen, Vezzoli and Wimmer 2005); Practi-
cal guide for PSS development (Tukker and Tischner 2006b); SPSD, Sustainable Prod-
uct Service Development (Maxwell, Sheate and van der Vorst 2006); Modular design for 
technical PSS (Aurich, Fuchs and Wagenknecht 2006); MSDS, Method for System Design 
for Sustainability (Vezzoli, Ceschin and Cortesi 2009; Vezzoli 2010), described in Part 1, 
Chapter 4.
 2 It must be underlined that not all eco-efficient PSSs are radical innovations. PSSs provid-
ing enabling platforms and PSSs providing final results (in particular in the B2C sector) 
can usually be considered radical innovations. 
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Transition Management approaches) have focused on socio-technical transitions 
and how to facilitate the introduction and diffusion of radical innovations. Accord-
ing to these theories, the introduction of radical innovations requires the creation 
of partially protected socio-technical experiments, shielded from the mainstream 
market selection environment to allow incubation and maturation. This chapter 
explores how these theories can provide insights to manage the process of intro-
ducing and diffusing eco-efficient PSSs and what role strategic design can play in 
this process.
4.2 Insights from transition studies
Transition theorists refer to system or radical innovations as major changes in the 
ways societal functions such as transportation, communication, housing and feed-
ing are fulfilled (Rip and Kemp 1998; Geels 2002). System innovations are complex 
and long-term processes that require changes in the social, economic, technologi-
cal and policy domains. Through historical socio-technical case studies, transition 
scholars have analysed how system innovations take place and have elaborated a 
model called the multi-level perspective on transitions (Geels 2002) that describes 
the dynamics regulating these complex and long-term processes. The multi-level 
perspective distinguishes three analytical concepts (Geels 2002): 
 t The socio-technical regime, which can be defined as the dominant way of 
innovating, producing, distributing and consuming, etc. It refers to a dynam-
ically stable set of culture, practices and institutions (Rotmans et al. 2001) 
related to a specific field (e.g. mobility or energy). Regimes are relatively sta-
ble and resistant to change because their practices, rules and institutions 
guide regime actors in a specific direction discouraging the development of 
alternatives
 t The niche, a protected space that is ‘isolated’ from the influence of the domi-
nant regime, where radical innovations can be tested and nurtured, become 
more mature, and potentially challenge and change regime practices and 
institutions 
 t The landscape, that is, the relatively stable social, economic and political 
context in which actors interact and regimes and niches evolve. It repre-
sents the background for regimes and niches. It includes structural socio-
economic, demographic, political and international developments, but 
also events such as wars or environmental disasters. It can influence the 
regime and the niches but cannot be influenced by them (at least in the 
short term)
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The distinction between the three levels is analytical and not ontological; in other 
words the levels are useful for categorising and better understanding socio-tech-
nical changes rather than being real entities ‘out there’ (Raven et al. 2010). What 
is important to underline is that transitions occur through the fruitful coupling 
of developments at all three levels (Rip and Kemp 1998; Geels 2002): when the 
regime is sufficiently open to accept radical innovations; when there is sufficient 
pressure from the landscape for change; and when radical innovations have been 
developed in niches that can be used to exploit the opportunities for change (Raven 
et al. 2010).
Niches are therefore a fundamental part of transitions but not sufficient. Moreo-
ver, even if niche developments can hold great promise, they do not immediately 
live up to expectations because they are immature when they enter the market and 
because they conflict with the way society is organised. In this sense, if immedi-
ately exposed to market competition, it is highly probable they will not survive. 
For these reasons a protected space should be created where continuous experi-
ments can bring them to maturity (Schot and Hoogma 1996). Niches can thus act as 
‘incubation rooms’ for radical novelties (Geels 2002), where experimentations and 
learning processes take place.
An important prerequisite to the introduction of radical innovations is the crea-
tion of partially protected socio-technical experiments (Kemp et al. 1998, Hoogma 
et al. 2002; Van der Laak et al. 2007; Brown and Vergragt 2008; Raven et al. 2010; 
Van den Bosch 2010). These protected experiments allow the incubation and mat-
uration of radical socio-technical configurations by partly shielding them from 
prevailing cultural, organisational and regulatory rules (the incumbent socio-tech-
nical regime). Sequences of socio-technical experiments can be used as a strategic 
arena for experimenting, learning, shaping future expectations and establishing 
new social networks in order to gain momentum for diffusion and challenge and 
change prevailing regimes (Raven 2005).
The use of experiments is recognised to be crucial also in innovation manage-
ment studies. For Laredo et al. (2002) the development of radical innovation projects 
cannot be explained in terms of a sequence of states (e.g. concept, pilot, prototype, 
and industrial development) which projects are expected to go through but rather 
in terms of trials that projects subject themselves to in the course of progressively 
testing the innovation characteristics. Latour (2000) defines these kinds of trials 
as collective experiments or socio-technical demonstrations, the role of which is to 
test the technical, social, political and economic configuration of the innovation. 
Along the same line, Brown et al. (2003) underline the importance of small-scale 
Bounded Socio-Technical Experiments (BSTE), while Lynn et al. (1996) speak about 
the ‘probing and learning’ strategy: market try-outs with early prototypes used as 
a vehicle for learning about the new technology in its real life context, followed by 
adjustment in technology design and marketing approach. (At the same time the 
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exposure to early prototypes influences the expectations, needs and behaviour of 
potential customers and other stakeholders.)
In sum socio-technical experiments represent an important strategic oppor-
tunity to initiate and foster wider transition processes. How exactly these experi-
ments can successfully bring about the diffusion of radical alternatives has been 
more deeply investigated in the field of Strategic Niche Management (SNM), which 
individuates three key internal processes (Kemp et al. 1998; 2001; Hoogma 2000; 
Hoogma et al. 2002).
The first process is the establishment and development of a broad socio-
economic network. A broad network means it includes not only the actors more 
directly linked with the innovation (such as firms, partners and users) but also 
other relevant actors from the science, policy and societal domains (e.g. research 
centres, governmental institutions, NGOs and special interest groups)3 (Raven 
2005). In other words it should be a heterogeneous network with relevant scientific, 
social, economic, political and cultural actors, including: 
 t Those that can mobilise knowledge and financial and managerial resources 
to develop such alternative innovations (such as outsider firms) (Van de Poel 
2000)
 t Those that can introduce new designs, criteria, approaches and concepts 
(such as scientists, research centres, and universities) (Van de Poel 2000)
 t Those that can give experiments legitimacy and stability (such as govern-
mental institutions)
 t Those that have the power and willingness to directly influence the domi-
nant culture, practices and institutions (such as ministries, policy-makers 
and politicians) (van den Bosch 2010)
 t Those that may (in)directly influence the regime because they have an inter-
est in embedding new sustainable practices in society (such as NGOs, lobby 
groups, and consumer groups) (van den Bosch 2010)
 t Those that can spread information on the innovation (such as media, opin-
ion leaders and NGOs)
 t Those that may support the scaling-up of the innovation (such as potential 
industrial partners, industrial associations or consortia)
 3 This is coherent with what has been argued by some radical innovation scholars; for 
example Callon (1991) underlines the importance of involving ‘a coordinated set of het-
erogeneous actors—laboratories, technical research centres, financial organisations, 
users, and public authorities—which participate collectively in the development and dif-
fusion of innovations, and which organise, via numerous interactions, the relationships 
between research and the market place’. Callon (1991), Callon et al. (1992), and Laredo 
and Mustar (1996) refer to this set of heterogeneous actors as the ‘techno-economic 
network’.
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Second, a key process is the convergence of actors’ expectations into a shared 
long-term vision. As mentioned, the process of experimenting with and embed-
ding radical innovations in society requires the involvement of many actors from 
different domains, who may hold different expectations about a particular innova-
tion. Therefore it becomes fundamental to manage the diversity of expectations 
and their negotiation and alignment (Raven et al. 2008). This convergence helps 
give strategic orientation and legitimacy to the innovation development (Kemp et 
al. 1998; Raven 2005) but also can attract new actors and resources (Raven 2005). 
The creation of a shared project vision can contribute to articulating expectations, 
formulating agendas and action plans, and coordinating the strategies of the actors 
involved (Kemp and Rotmans 2004). Future scenarios and visions are in fact cru-
cial to committing actors and orienting their actions (De Laat 1996; Akrich 1992; 
Berkhout 2006; Quist et al. 2006). It must however be emphasised that expectations 
are not fixed (Van Lente 1993; Hoogma 2000; Raven 2005): actors can change their 
views and expectations, as a result of the negotiation processes with other actors 
but also in reaction to changes in the external environment. As a consequence it is 
fundamental to continuously refine and re-orient the project vision (i.e. a flexible 
vision open to adjustment).
The third key process is an effective learning process among the actors involved. 
Learning takes place when individuals assimilate new information and apply it to 
their subsequent actions (Hall 1993). It is therefore crucial in the process of induc-
ing change towards the adoption and diffusion of radical innovations, in which new 
basic beliefs, behaviours and rules are required (Van de Kerkhof and Wieczorek 
2005). An adequate learning process is considered key because it enables adjust-
ments of the innovation and increases chances for a successful diffusion (Raven et 
al. 2010). An adequate and effective learning process should be:
 t Broad (Weber et al. 1999; Raven 2005), focusing on many dimensions of the 
problem: not only the technical and economic aspects of the innovation, 
but also the cultural (societal beliefs, values and habits), regulative (govern-
ment policy and regulatory frameworks), and institutional (rules and norms) 
dimensions
 t Reflexive (Hoogma and Schot 2001; Raven 2005), implying that both first and 
second order learning occur. First order learning can result in a correction or 
resolution of a certain problem (e.g. technical issues). Second order learning 
(Hall 1993) leads to a paradigm shift, which refers to a change in the prob-
lem definition, basic assumptions, norms, values and interpretive frames 
which govern the decision-making process of individuals, communities and 
organisations
The better these three processes are managed, the greater the possibility that 
experiments can develop into a market niche, influence and transform the existing 
regime or become a viable alternative to it.
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4.3  A conceptual framework for the 
implementation and diffusion of  
eco-efficient PSSs
Even though the school of transition studies uses a more sociological approach 
(looking at the actors involved, consumer expectations, etc.), it is commonplace to 
take a technological artefact as the starting point and see social developments as 
a derivative of technological innovation (Hegger et al. 2007). An eco-efficient PSS 
is not a technological innovation; of course it can include technological artefacts, 
but the innovative element is mainly related to the social dimension. In fact, rather 
than a new technological artefact, an eco-efficient PSS can be seen as a new form 
of social organisation. Hence, a crucial question is this: are the insights from transi-
tion studies valuable also for the specificities of eco-efficient PSS innovations? Can 
they be extended to manage the introduction and diffusion not only of technologi-
cal innovations but also of eco-efficient PSS innovations?
A research case study that investigated the innovation journeys made by six 
companies introducing their eco-efficient PSS concepts to the market confirmed 
this hypothesis (Ceschin 2012a, b). Building upon the results of this case study a 
conceptual framework for the implementation and diffusion (introduction and 
scaling-up) of eco-efficient PSSs can be drawn up (see Figure 4.1). In synthesis, 
the entry point of an eco-efficient PSS innovation is a project vision (I): a PSS 
idea or concept developed to overcome a societal/environmental/business chal-
lenge. This project vision provides a direction for the societal embedding proc-
ess (II), in which a broad network of actors (III) experiments and learns how the 
project vision can be realised. The societal embedding process is based on the 
implementation of small-scale socio-technical experiments, the development 
and empowerment of a niche, and the scaling up of the PSS innovation (and its 
related new set of culture, practices and institutions) in the regime. The process 
is characterised by dynamic adaptation: what is learnt by actors leads to a con-
tinuous and mutual adjustment of the project vision, the transition path, and the 
actor network itself (IV).
In other words the process of introducing and scaling-up eco-efficient PSS inno-
vations should be managed as a process in which design, developing, testing and 
implementing are activities carried out simultaneously. In this sense the learning-
by-doing approach should be the underlying philosophy. 
Within this process setting up sequences of socio-technical experiments is a 
promising strategy to support, speed up and orient the incubation, testing and 
maturation of radical innovations. In other words the process of introducing 
and scaling up eco-efficient PSSs should be seen as a transition path, character-
ised by:
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Figure 4.1  Conceptual framework for the introduction and scaling-up of 
eco-efficient PSS concepts
Source: Ceschin 2012a
 t An incubation phase, in which the conditions needed to start the societal 
embedding process are understood (identification and involvement of 
needed actors; discussion and negotiation to achieve a common consensus 
on the PSS concept as well as on the potential strategies to socially embed 
the concept)
 t A socio-technical experimentation phase, in which sequences of experi-
ments take place with the aim of learning and exploring how to improve the 
PSS innovation and how to contribute to its societal embedding
 t A scaling-up phase, in which the PSS innovation (and the related new prac-
tices, behaviours and institutions) increases its momentum and starts to 
influence the socio-technical regime (i.e. the initially unusual PSS innovation 
increasingly becomes part of the dominant way in which a societal need/
desire is satisfied)
In this transition process a crucial role is played by the establishment and devel-
opment of a proper network of actors: a broad and dynamic network able to pro-
tect, support and foster the innovation. This wide network should involve not only 
the actors belonging to the PSS value chain (e.g. producer, partners and suppliers, 
and customers/users) but also other actors: for instance universities and research 
258 Product-Service System Design for Sustainability
centres (that can give scientific support), institutions and public administrations 
(that can promote the innovation and give political support), NGOs (that can be 
partners of the project), and also media (that can give visibility to the innovation). 
The dynamism of this network must be underlined: the composition and even the 
role of each actor evolve in time. For instance some actors may have more rele-
vance in the first phases and disappear in the later phases (e.g. a public administra-
tion can be involved only in the beginning to provide incentives and protection to 
the innovation).
It is also fundamental to build up a long-term vision shared among the actors 
involved in the project. A shared project vision can provide direction for the societal 
embedding process and therefore direction for the stakeholders’ actions. Project 
visions can therefore be used as guides to formulate strategies, but also to attract, 
persuade and involve new potential partners and stakeholders to join the project. 
Finally, it is crucial that room is created for broad learning (learning about the 
PSS innovation as well as about the different dimensions of the context in which 
the innovation should be introduced) and reflexive learning (learning resulting in 
changes in actors’ reference framework, beliefs, behaviours, practices etc.). Learn-
ing processes are strictly related to how experiments are designed and managed. 
Experiments that not only focus on exploring and testing the technical aspects, but 
also ones related to usability, policy, regulations, social acceptance, etc. easily lead 
to broad learning processes. Reflexive learning is fundamental to breaking down 
actors’ accepted assumptions and routine behaviours and inducing changes in cul-
ture, practices and institutions.
It must be emphasised that this approach should not be seen as a ‘recipe for suc-
cess’. Scaling up in practice requires favourable conditions and circumstances (e.g. 
there should be enough pressure from the landscape, the regime should be suf-
ficiently open to accept radical innovations, etc.). Companies or small networks of 
actors may not be able to directly (or indirectly) influence these conditions and cir-
cumstances. Therefore the process from incubation to scaling-up becomes increas-
ingly more uncertain, less manageable, and more influenced by project-external 
events and dynamics. However the adoption of an experimental-, learning-, and 
network-based management approach can increase the chances of success (i.e. 
speed up and increase the possibilities to set up a market niche in which the inno-
vation is commercialised). Within this process socio-technical experiments play a 
strategic and crucial role in the process of triggering and catalysing radical innova-
tions. Because of their importance it is useful to clarify the concept of socio-techni-
cal experimentation and its potential to contribute to transitions.
4.3.1  Socio-technical experiments and their importance in 
triggering transition processes 
A socio-technical experiment can be defined as a partially protected environment 
where a broad network of actors can learn and explore (I) how to incubate and 
improve radical innovations and (II) how to contribute to their societal embedding. 
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These experiments represent strategic opportunities to develop and bring to matu-
rity highly risky innovations such as sustainable PSSs without the direct pressure 
of the mainstream market selection environment. A socio-technical experiment is, 
however, not a simple pilot or demonstration project.4 The main characteristics of 
a socio-technical experiment are described below.
 t First, experiments are conducted with radical innovations: innovations that 
require substantial changes on various dimensions (socio-cultural, techno-
logical, regulative and institutional). Not all PSSs are radical innovations and 
therefore not all PSSs require the adoption of a strategy based on the setting-
up of socio-technical experimentation
 t Second, the experiments are not simple tests undertaken inside a company’s 
laboratory but are implemented in real-life settings. The idea is that only this 
kind of experience, outside R&D (Research & Development) settings, can truly 
lead to testing and improving radical innovations. Moreover these experi-
ments take place at a small scale but strive to trigger changes at a wider scale
 t Third, these experiments not only include the actors more strictly linked 
to the innovation (such as producers, partners and suppliers). Instead, a 
broad variety of actors is involved, including also users, policy-makers, local 
administrations, NGOs, consumer groups, industrial associations, research 
centres, and so on. In other words the aim is to recreate a whole socio-tech-
nical environment in a small scale. In this sense these experiments are char-
acterised by a broad participatory approach: i.e. a variety of actors is involved 
in discussing, negotiating, co-creating and developing the innovation
 t Fourth, the experiment is implemented in a space protected from the main-
stream selection environment. The idea is to temporarily shield the innova-
tion from the selection pressure (which consists of markets and institutional 
factors), creating an alternative selection environment. There are different 
forms of protection: financial protection (such as strategic investments 
by companies, tax exemptions, and investment grants) and socio-institu-
tional protection (such as the adoption of specific regulations). The crucial 
dilemma of protection measures is to find the right balance between the 
need to  nurture the innovation and the need to prepare it for the selection 
pressures of a market environment (Weber et al. 1999)
 4 The concept of socio-technical experiments, as intended here, also differs from the con-
cept of living labs. Living labs are ‘situated in real world environments, are user-driven, 
and collaborate with research organisations, companies, and public and civic sectors 
with the aim to collaboratively develop new services and products’ (Björgvinsson, Ehn 
and Hillgren 2010). Compared to living labs, the concept of socio-technical experi-
ments is broader. It includes not only the idea of setting up a participatory approach to 
developing new solutions in real-life scenarios and creating a protected space where the 
innovation can be incubated, but also working towards stimulating changes in the socio-
technical context.
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 t The aim of these experiments is to learn about and improve the innovation 
on multiple dimensions, not only the technical, economic, market demand 
and usability aspects, but also the political, regulative, environmental, cul-
tural and social dimensions. In this sense the innovation is maintained in 
order to be open to continuous adjustments and refinements. In general 
experiments can also serve to identify the various resistances and barriers 
(institutional, regulative, economic, etc.) that can potentially hinder future 
implementation and diffusion and understand how to address them
 t Moreover, and this is a crucial aspect, socio-technical experiments are not 
only aimed at testing and improving the innovation, but also at stimulating 
changes in the socio-technical context, in order to create the most favour-
able conditions for the PSS innovation. In other words experiments are also 
strategically used to influence contextual conditions in order to favour and 
speed up the societal embedding process (for example, by influencing local 
administrations to adopt policy measures that support the innovation or 
stimulating potential users to change their behaviours and routines)
Within this framework three main mechanisms through which socio-technical 
experiments can contribute to transitions can be identified (Van den Bosch and 
Rotmans 2008; Van den Bosch 2010) (Figure 4.2):
 t Deepening, which means learning as much as possible about an innovation 
within a specific context. Deepening enables actors to learn about local shifts 
in culture (ways of thinking, values, reference frameworks, etc.), practices 
(habits, ways of doing things, etc.) and institutions (norms, rules, etc.). The 
result of deepening is the development and reinforcement of the new set of 
culture, practices and institutions related to the PSS innovation
 t Broadening, which means replicating the experiment in different contexts 
and linking it to other projects and initiatives. Since learning within an exper-
iment is limited, experiments should be repeated in other contexts, in order 
to learn about different designs in different settings. Broadening is related to 
the idea that different experiments carried out simultaneously can build on 
each other and gradually reinforce themselves (Raven 2005; Geels and Raven 
2006). It is also important to strengthen synergies with other local, similar 
projects and initiatives. Through processes of broadening, the deviant set of 
culture, practices and institutions is (I) tested and extended to a variety of 
contexts and (II) linked to other existing projects and initiatives
 t Scaling-up, which means embedding the innovation in dominant ways of 
thinking, doing and organising. It relates to moving the innovation (and its 
initially new socio-technical practices) from a local experimental level to a 
mainstream level. As underlined by Van den Bosch (2010), scaling-up is less 
about scaling up products, services or users and more about scaling up per-
spectives, ways of thinking, routines, legislation, institutions, and so on
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On the basis of these considerations socio-technical experiments, in order to 
contribute to transition processes, should be conceived in order to act as the fol-
lowing (Ceschin 2010, 2012a; Ceschin et al. 2011) (Figure 4.2):
 t Labs, to test, learn about and improve the PSS innovation on multiple dimen-
sions (technical, usability, regulative, political, economic, and socio-cultural) 
and in relation to different contexts (in order to learn about different PSS 
configurations in different settings)
 t Windows, to raise interest in the innovation project and the related actors, 
disseminate results, build up synergies with existing similar projects/initia-
tives, and attract and enrol new actors (e.g. new users or potential partners)
 t Agents of Change, to influence contextual conditions in order to promote 
and quicken the societal embedding process. Experiments should be con-
ceived to introduce and diffuse new ideas and knowledge to the community 
and stimulate various social groups (users, public institutions, companies, 
etc.) to change their perspectives, beliefs, and lifestyles. Experiments should 
in fact represent a stimulus to induce actors to change their behaviours and 
interpretative frames (for example, they can stimulate users to change their 
routines or push governmental institutions to implement proper policy 
measures to favour the PSS innovation)
Figure 4.2  Three main mechanisms through which socio-technical experiments 
can contribute to transitions (deepening, broadening and scaling-
up) in relation to the concepts of experiment as a Lab, Window 
and Agent of Change
Source: author, inspired by Van den Bosch and Rotmans (2008)
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4.4  Implications for design: a new role for 
strategic design for sustainability 
If an experimental-, learning-, and network-based management approach rep-
resents a promising strategy to successfully incubate, test, develop and bring to 
maturity eco-efficient PSSs, the questions at this point are: what are the implica-
tions at the level of design? What could the role of strategic design be?
We know that several methods and tools have been developed to support design-
ers in ideating eco-efficient PSS concepts. However, if designers want to act as effec-
tive agents of change they should be aware of the mechanisms and dynamics that 
regulate the implementation and diffusion of this kind of innovation—and how it is 
possible to guide and orient them. In short, if designers want to play a more effec-
tive role in the transition towards sustainability, they cannot limit themselves to 
proposing eco-efficient PSS concepts; they should also indicate the most promis-
ing pathways for the implementation and diffusion of such radical innovations: 
in other words, strategic design for sustainability can also play a role in designing 
transition paths to support and facilitate the introduction and diffusion of the con-
cepts it generates (Vezzoli, Ceschin and Kemp 2008; Ceschin 2010, 2012a). In this 
sense designers could guide and support a company, an institution or a network 
of actors in the process of introducing and gradually embedding eco-efficient PSS 
concepts in society. In order to do this a new design approach and new design capa-
bilities are required.
4.4.1 A new strategic design approach 
In this new approach, designers would first need to focus on a broader design 
scope where the ideation of sustainable PSS concepts should be coupled with the 
designing of appropriate transition paths. In particular the design scope should be 
extended to: 
 t The strategic design of the sequence of steps that can lead to gradually rein-
forcing/improving the PSS innovation and fostering its societal embedding 
(incubation, socio-technical experimentation, and niche development and 
scaling-up)
 t The identification and involvement of the actors that can support the soci-
etal embedding process in the various steps of the transition path (i.e. identi-
fication of actors and related roles)
The designing of transition paths therefore requires the adoption of a multi-term 
design attitude. This attitude allows designers to simultaneously focus on:
 t The project long-term goal: the achievement of a future in which a sustain-
able PSS innovation is part of the normal way in which a societal need is ful-
filled (project vision)
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 t The short- and medium-term actions to be undertaken in order to orient 
the societal embedding process towards the long-term goal
Second, a broader strategic design attitude is required. This means that strategic 
designers should focus not only on the PSS innovation but also on the contextual 
conditions that may favour or hinder the societal embedding process. Strategic 
designers should therefore adopt a strategic attitude oriented at making the socio-
technical context more conducive for the PSS. This is achieved by involving those 
actors that, directly or indirectly, could affect regime practices and institutions 
and/or by stimulating changes in actors’ behaviours and practices. The transition 
path is thereby seen as a process not only aimed at testing and bringing the PSS 
innovation to maturity, but also aimed at influencing the socio-technical context in 
order to foster the societal embedding of the PSS.
Third, a broader strategic design attitude requires a broader system stakeholder 
approach. Strategic designers working on a PSS level are adept at adopting a system 
design approach. This means that their design activity is focused not only on the 
PSS offer (the integrated set of products and services), but also on the socio-eco-
nomic stakeholders to be involved in the PSS and the relations among these stake-
holders (in other words the PSS value chain or net). In this case strategic designers 
should focus not only on the PSS value chain but also on the socio-technical context 
in which the PSS should be introduced. This means that the actors to be taken into 
consideration are not only those more directly linked with the innovation, but also 
other relevant actors from the science, policy and societal domains: i.e. a broad 
network characterised by scientific, social, economic, political and cultural link-
ages. Establishing and developing a broad and heterogeneous socio-economic net-
work is in fact crucial to protecting, supporting and fostering radical innovations. 
In general it is considered important to involve different groups of insiders and 
outsiders (in relation to the regime), incumbent and new actors, in order to build 
fruitful relations in a network and between the network and the outside context.
Fourth, an experimental- and learning-based attitude is required. Since we 
are dealing with highly complex and uncertain innovations, the process to socially 
and societally embed them cannot be based on a preconceived and fixed solution. 
In this sense the societal embedding process should be seen as a path based on 
exploring, searching and learning. From this perspective it is clear that a crucial 
role for strategic designers is the designing of the sequences of socio-technical exper-
iments (as Labs, Windows and Agents of change) that could potentially lead to a 
gradual societal embedding of the PSS innovation.
Finally, the adoption of an experimental- and learning-based based approach 
requires a flexible and dynamic management attitude. A project vision is not a 
static outcome to be achieved; it is continuously adjusted as a result of what is 
learnt by actors during the societal embedding process (in particular during socio-
technical experiments). Hence, since the transition strategy is oriented towards the 
achievement of the project vision, adjustments in the project vision lead to modifi-
cations in the transition strategy. Even the network of actors involved in the societal 
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embedding process is dynamic: the composition, as well as the required tasks for 
each actor, continuously evolve in time, as the different phases in the transition 
path require different network compositions. For instance the process of network-
ing in local socio-technical experiments differs from networking in scaling-up. In 
other words we are dealing with a flexible and dynamic process characterised by 
the mutual adjustment of the long-term vision, the transition path and the actors’ 
network (mutual adjustment as a result of the learning processes). It is therefore 
crucial for strategic designers to adopt a flexible and dynamic approach to manag-
ing this continuous adjustment and redirection.
4.4.2 New design capabilities required 
Based on the explanations above this new design approach requires innovative 
design skills as described below.
 t Translating the PSS concept vision into a transition strategy: Strategic 
designers must learn to translate a PSS concept vision into the steps needed 
to support its implementation and scaling-up. In other words they must 
learn to design transition paths: the sequence of steps between the present 
situation without and a future situation with the PSS implemented. Within 
these transition paths a crucial role is played by socio-technical experiments. 
Strategic designers must therefore learn to design these kinds of experiments 
and in particular how to design sequences of experiments with the aim of 
learning and exploring how to improve and refine the PSS innovation and 
how to favour its societal embedding. The design of the PSS concept should 
be combined with the strategic identification of the steps to be undertaken 
in order to orient the innovation development towards the achievement of 
the vision itself
 t Designing the actor network configurations needed to support the societal 
embedding process: Strategic designers must learn to identify the proper 
actors to be involved in the various phases of the process: to design a dynamic 
network of actors in which the composition, as well as the required tasks of 
each actor, continuously evolve in time. Moreover strategic designers should 
be capable of adopting a broad system approach and think not only in terms 
of the PSS value chain (producers, partners, suppliers, users, etc.), but also 
about the actors that have the power and willingness to directly influence 
the dominant regime (for example ministries, policy-makers and politicians, 
and incumbent organisations) as well as the actors that may indirectly influ-
ence it (for example NGOs, societal pressure groups and the media). Strate-
gic designers should thus be able to act as networkers (capable of establish-
ing bridges and links between different actors) and as negotiator/facilitators 
(capable of managing controversies and conflicts within the network)
 t Facilitating the building up of a shared project vision and action plan: Stra-
tegic designers must learn to facilitate the strategic conversation between 
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the actors involved, in order to develop (and adapt in time) a shared project 
vision and action plan. Strategic designers should therefore be able to facili-
tate a participatory approach, involving a variety of stakeholders in discuss-
ing, negotiating, co-creating and developing alternatives. It is therefore 
crucial that strategic designers are able to organise the complexity of the 
information that must be exchanged and support effective communication 
activities among stakeholders; encourage and stimulate the various actors 
in taking part in strategic conversations; and manage the diversity of their 
expectations as well as their negotiation and alignment. These skills are thus 
fundamental: being a communicator (capable of effectively illustrating com-
plex information such as project visions and action plans) and a negotiator 
(capable of facilitating the convergence of actors’ expectations)
 t Managing the dynamic adaptation of the societal embedding process: Stra-
tegic designers should learn to manage the continuous adaptation and evo-
lution of the project vision, the transition path and the actor network. The 
project vision is not a static result to be achieved, the transition strategy is not 
a fixed roadmap to be strictly followed, and the composition of the actor net-
work is not pre-defined: they continuously evolve in time in relation to what 
is learnt by the actors. It is therefore crucial for strategic designers to be able 
to dynamically manage the interactions between project vision, transition 
strategy and actors’ network, not as a project with a fixed result, but rather as 
an open search and learning process. As a result it is necessary to break with 
the dichotomy between designing and implementing: design, development 
and implementation should be carried out simultaneously and in continu-
ous interaction
This strategic design approach has been recently applied in several research 
projects coordinated by the unit of research Design and system Innovation for Sus-
tainability (DIS) of Politecnico di Milano. One of these, run in collaboration with 
the South African Cape Peninsula University of Technology (CPUT), is called Cape 
Town Sustainable Mobility Project. The following section briefly describes the 
design process and approach adopted in the project and the main results achieved.
4.4.3  A design experience: the Cape Town  
Sustainable Mobility project
Background
The project involves, as main actors, Shonaquip (a small South African company 
producing wheelchairs and mobility equipment for disabled people), BEN Bikes (a 
local association aimed at promoting sustainable mobility projects and initiatives), 
the Cape Peninsula University of Technology (CPUT), and Politecnico di Milano 
(Polimi). The aim of the project is to introduce and diffuse a sustainable mobil-
ity PSS for the disabled and elderly people in the suburban areas of Cape Town. 
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In particular the system is expected to offer disabled and elderly people increased 
mobility services from their homes to the nearest public transport stops, or to local 
schools, hospitals, etc. Technically, the mobility system is designed around a solar, 
electric and human-powered light vehicle5 prototyped by Politecnico di Milano 
and IPSIA ‘A. Ferrari’ Maranello in 2006. This mobility system is especially con-
ceived to create benefits in suburbs such as those in Cape Town, which are often 
characterised by substantial mobility problems due to a lack of high-quality public 
transport services. The initial PSS concept was developed by Hazal Gumus for her 
Master’s degree thesis (Gumus 2009), conducted in collaboration between Politec-
nico di Milano and CPUT. The thesis project raised the interest of Shonaquip and in 
July 2009, a process to socially embed the PSS innovation officially started.
Incubation
The process began with the first formalisation of the project vision, on the basis of 
the initial PSS concept, by Polimi, Shonaquip and CPUT. The aim was to translate 
the project idea into a set of visual artefacts that clearly and effectively commu-
nicated the PSS innovation’s characteristics and its potential benefits to different 
types of actors. A set of tools was used to support this task:6 1) the offering diagram, 
to visualise which customer needs are addressed by the PSS; 2) the interaction 
table, to visualise how the PSS providers deliver the service and how the customers 
are to be satisfied; 3) the system map, to visualise the structure of the value chain; 
and 4) the sustainability diagram, to visualise the environmental, socio-ethical and 
economic benefits.
The next step was the development of a draft action plan, to identify the main 
steps between the present situation and a future situation with the PSS imple-
mented. This activity was performed by Polimi in interaction with Shonaquip and 
CPUT. The following step was the identification of actors to be involved in stra-
tegic discussions. It was decided to first include a restricted group of actors (the 
ones considered crucial to start discussing and strengthening the PSS concept and 
the action plan) and later extend participation to a wider variety of actors such as 
the Cape Town municipality, the local public transport company, and local media. 
Actors initially involved were potential users, local citizens, technology experts from 
CPUT, and two local NGOs: Disability Workshop Enterprise Development, DWDE 
(active in providing job opportunities to disabled people), and the Reconstructed 
Team (an association aimed at reintegrating into society former drug addicts and 
criminals). 
To accomplish this, a two-day workshop was organised in September 2009 where 
the first day focused on discussing and adjusting the project vision and the second 
day focused on the action plan. In the workshop, the PSS concept and the transition 
 5 Designed by Fabrizio Ceschin (the author) for his Master’s degree thesis, Politecnico di 
Milano, Faculty of Design, 2006.
 6 See Part 1, Chapter 4, in this volume for full explanations of these tools. 
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path were adjusted, implementation barriers were identified, new actors were rec-
ommended, and actors’ tasks were agreed upon. 
In phase 2 the socio-technical experiments were designed and implemented.
The first experiment was implemented in the Athlone district (Bridgetown), 
in collaboration with the Reconstructed Team, and was aimed only at testing and 
improving the technical and usability aspects of the PSS innovation. An existing 
rickshaw was used to test the service of transporting the elderly in the neigh-
bourhood, involving them in identifying critical issues and suggesting potential 
improvements, and subsequently, once the vehicle prototype was completed, a 
series of technical tests took place (Figure 4.3).
Figure 4.3  First socio-technical experiment: photo taken during technical 
test of the vehicle (August 2011)
Source: Ceschin 2012a
After settling the vehicle’s technical problems and collecting the first feedback 
on the service, a second experiment (much more articulated) was implemented in 
collaboration with BEN Bikes in October 2011 and is still running. It was designed 
and organised in order to act as a Lab, Window and Agent of Change. The following 
paragraphs will respectively illustrate these three ‘functions’.
The first aim of the experiment was to test and improve the PSS innovation 
(experiment as Lab). A service for the transportation of elderly, sick and disabled 
people from their home to any point of interest around the Lavender Hill commu-
nity (such as to the hospital, church or the post office) was implemented and is cur-
rently running. The main role of the local BEN Bikes centre is to manage the service 
as well as take care of vehicle maintenance. The experiment is currently used to: 
test and improve the vehicle; test and improve the service (using questionnaires and 
semi-structured interviews); test and improve the PSS configuration (in terms of 
stakeholder value chain and business model); and identify barriers (on multiple 
dimensions including socio-cultural and regulative). For the latter, various actors 
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(such as the local community, local institutions and NGOs) are involved to express 
their opinions, remarks and suggestions, in order to identify further potential 
barriers not already identified in the previous steps. It must be stressed that the 
approach adopted is aimed at favouring broad participation in the design choices. 
All the involved actors (from the potential users to the local community and the 
local institutions) are asked not only to evaluate and provide feedback on the 
project, but are also stimulated to propose adjustments and alternatives.
The experiment was also designed to raise interest in the innovation project 
and attract and enrol new potential users and other relevant actors (experiment 
as Window). With respect to this the BEN Bikes centre has been conceived as a 
sort of ‘open gallery’ to allow visitors to see, touch and acquire information about 
the project. Interested people can freely visit the centre and better understand the 
features of the project and its environmental, socio-ethical and economic bene-
fits. Moreover demonstration visits are organised with specific actors (for exam-
ple potential users but also potential future partners, local institutions, etc.). BEN 
Bikes personnel have been trained to be able to effectively describe the project and 
in particular to illustrate the potential advantages for different kinds of actors. This 
was considered particularly important by project promoters because there was the 
need not only to disseminate information about the project but also to stimulate 
changes in actors’ behaviour and routines (for example stimulate potential users 
to reflect on their mobility habits and consider the benefits that the solution could 
provide to them). This is clearly connected to the third function of the experiment: 
experiment as Agent of Change.
The experiment was also conceived to stimulate changes in actors’ behaviour 
and habits and create favourable conditions for the introduction and diffusion of 
the PSS (experiment as an Agent of Change). Therefore, in October 2011 an event 
for relevant actors was organised. The aim of this event was to officially launch the 
experiment, illustrate the potential future developments, and discuss with invited 
actors how to support and accelerate the project. The event took place at the Lav-
ender Hill BEN Bikes centre.
The actors invited to the event were the Cape Town municipality (in particular 
the Transport department and the Environmental Resource Management depart-
ment), because of their potential interest in the project and their direct influence 
on local transport regulation; local actors potentially interested in implementing 
specific mobility services based on the MULO vehicle (in particular local schools 
and the local clinic Philiza Abafazi Bethu); and local media. The results of the event 
were positive. First, local actors evaluated the project as valuable for local com-
munities, because of its potential to bring tangible economic, environmental and 
socio-ethical benefits. Second, one of the actors involved, the local clinic, stated 
its interest in implementing a service for the transportation of patients as soon 
as possible. Third, the Transport department of Cape Town confirmed its interest 
in strengthening synergies between the PSS and the suburban bus lines. In addi-
tion the Transport department stated that it put meetings in its agenda to discuss 
the policy measures needed to support and foster the particular vehicle typology 
adopted in the PSS.
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Because the second socio-technical experiment is still ongoing, it is currently not 
possible to develop definitive overall conclusions regarding the entire Sustainable 
Mobility project. Nevertheless, it is possible to say that the whole journey strength-
ened the stakeholder network, served to refine and improve the PSS concept, and 
created important opportunities for future developments.
4.5  Towards a new way of designing and 
implementing eco-efficient PSSs
On the basis of the hypothesised strategic design approach, and taking into con-
sideration the intermediate results of the Cape Town Sustainable Mobility project, 
a first tentative design and implementation process to support the introduction and 
diffusion of eco-efficient PSSs is proposed.
Figure 4.4 provides an overview of this process (Ceschin and Raven 2011; Ceschin 
2012a). It is proposed that it is used by strategic designers, project managers and 
consultants to support and guide a company (or a small network of actors) in 
managing and enhancing the societal embedding process of an eco-efficient PSS 
innovation. In particular the approach facilitates the adoption of an experimental-, 
learning-, and network-based design and management attitude, with the aim of 
increasing the chances of successfully introducing and diffusing eco-efficient PSSs. 
The whole process comprises five activity clusters and three phases. The activity 
clusters are the following:
 t Vision building and expectation shaping (WHAT the project network wants 
to achieve). Activities related to building up and formalising a project vision 
shared among the actors and social groups involved in the project
 t Action plan development (HOW the vision could be achieved). Activities 
related to translating the vision into the steps needed to support and favour 
societal embedding of the PSS concept
 t Actors’ network establishment and development (WHO has to be involved 
in the project). Activities related to establishing, managing and developing 
the network around the project
 t Action plan implementation (DO what is planned). Activities related to 
implementing the actions identified in the strategic plan
 t Monitoring, evaluation and learning (LEARN from activities undertaken). 
Activities related to monitoring and evaluating the transition process and 
identifying the adjustments to be carried out
The phases consist of incubation, socio-technical experimentation and scaling-up, 
which are briefly presented in the following sections (Ceschin and Raven 2011; 
Ceschin 2012a).
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Figure 4.4 Process to support the societal embedding of eco-efficient PSSs
Source: author
4.5.1 Phase 1: incubation
The incubation phase sets up the conditions to initiate the societal embedding 
process. The starting point is an eco-efficient PSS concept developed by one or 
more PSS promoters. The first step is to formalise the project vision in order to 
communicate in a clear and effective way the aims of the project, the main charac-
teristics of the PSS innovation, and its potential (environmental, economic and/or 
socio-ethical) benefits. 
The next step is to explore how the concept could be socially embedded. This 
involves making a comparison between the present situation without the PSS and 
the future situation in which the PSS concept is implemented. It is essential to 
adopt a strategic attitude in order to identify the short and medium-term actions to 
be undertaken in order to create the most favourable operable conditions. Actors 
potentially interested in the concept, as well as actors that could give protection 
and support to the innovation, are identified. This step produces a first formalised 
draft action plan (identification of the actions to be undertaken, the actors to be 
involved, and their roles).
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The third step is the involvement of the identified stakeholders in strategic 
discussions: in this stage meetings and workshops are organised with the actors 
previously identified. The aim is to collect and confront the different actors’ expec-
tations, discuss and adjust both the project vision and the action plan, and achieve 
a common consensus. 
As a result of these meetings and workshops the project vision, the action plan 
and the actor network are adjusted. The output of this phase is the establishment of 
a project network that agrees on a project vision and on an action plan. 
4.5.2 Phase 2: socio-technical experimentation
In this phase small-scale socio-technical experiments are implemented in real set-
tings with the aim of learning and exploring how to improve the PSS innovation 
and how to contribute to its societal embedding.
This phase begins by designing the experiments such that they are protected 
from the mainstream competition environment and act as Labs, Windows, and 
Agents of Change (see previous sections). The design of the experiment includes: 
the identification of an implementation area and the appropriate financial and 
socio-institutional protections, the technical aspects of the PSS, as well as identi-
fication of the socio-economic organisation to protect and support the innovation 
(identification of actors to be involved and related tasks).
During the experiment monitoring and evaluation activities are undertaken. 
These include the experiment (technical and usability aspects, acceptability of the 
PSS by the various social groups involved in the project, implementation and dif-
fusion barriers, etc.); the actors directly and indirectly involved (their roles, behav-
iours, expectations, conflicts and convergences); the project vision agreed on and 
the action plan (and their evolution and adjustment in time). 
Evaluation results are then translated into new actions. Through a learning-
by-doing approach, the evaluation may lead to an adjustment of the experiment, 
action plan and the broader project vision, as well as increased understanding of 
the need for contextual changes and ways to achieve them.
Following this process, different experiments can be executed in different con-
texts and/or testing new functions. 
4.5.3 Phase 3: niche development and scaling-up
In this phase the aim is to increase momentum of the PSS innovation (and the 
related new practices, behaviours and institutions) and begin to influence the 
socio-technical regime. It is a process that leads the innovation to increasingly 
become part of the mainstream way in which a societal satisfaction is delivered.
The first step is the identification of appropriate actions to enhance the develop-
ment and reinforcement of the pathway of experiments. It is essential to link the 
PSS innovation to a broader context, in order to make it relevant beyond the local 
scale. Key issues are: 
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 t To repeat the experiments in other contexts and create synergies with similar 
projects and initiatives. The aim is to share experiences and stimulate and 
reinforce network building on a broader scale (e.g. within a sector or at a 
national level)
 t To disseminate information/project results and stimulate media attention at 
a national level
 t To stimulate actors at a strategic level to influence the socio-technical con-
text in order to create the most favourable conditions for the scaling-up of 
the PSS innovation
In sum, the aim is to establish deeper linkages with relevant political, industrial and 
social actors: those that have the power and willingness to directly influence the 
dominant culture, practices and institutions;7 those that (in)directly may influence 
the regime because they have an interest in embedding new sustainable practices; 
those that can spread information on the PSS innovations; and those that may sup-
port the scaling-up of the innovation, such as potential industrial partners, indus-
trial associations or consortia. 
During the process monitoring and evaluation activities continuously take 
place. Evaluation targets include the progress of niche development and scaling-
up (e.g. connections with other experiments, enrolment of new actors, dissemina-
tion of project results, connections with regime actors, and introduction of the PSS 
innovation in niche markets), the actors involved, the project vision and the action 
plan. The evaluation process can lead to adjustment of the actions to favour niche 
development and scaling-up, as well as to re-orient the project vision and adjust 
the actor network and the action plan.
4.6 Conclusions
Eco-efficient PSS innovation represents a valuable concept for enhancing company 
competitiveness and at the same time providing environmental benefits. However, 
these innovations are in most cases radical, and their introduction and diffusion 
usually encounter the opposition of existing cultural, corporate and regulative bar-
riers. Hence, if immediately exposed to the mainstream market environment, it is 
highly probable they will not survive. An important challenge is therefore not only 
to conceive sustainable PSS concepts, but also to understand the contextual con-
ditions in which they are introduced and explore the most suitable strategies and 
development pathways to embed these concepts in society. Building upon insights 
from the transition studies field, this chapter put forward a conceptual framework 
for the introduction and scaling-up of eco-efficient PSSs. A crucial role is given to 
 7 As suggested by Van den Bosch (2010)
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the implementation of sequences of socio-technical experiments, partially pro-
tected spaces where broad networks of actors incubate, test, develop and bring 
the innovation to maturity without the direct pressure coming from the market 
environment. Theoretical and empirical evidence supports the proposal that, in 
order to effectively contribute to transition processes, socio-technical experiments 
should be conceived as Labs, Windows and Agents of Change.
Strategic design could thereby play a role not only in generating eco-efficient 
PSS concepts, but also in designing transition paths to support and facilitate the 
introduction and scaling-up of the concept itself. The chapter also discussed the 
new design approach and new design capabilities required by designers to operate 
at such a level.
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